The quantitative analysis of microstructure and sequence distribution in polysiloxane copolymers using high-resolution solution 29 Si NMR is reported. Copolymers containing dimethylsiloxane (DMS) and diphenysiloxane (DPS) monomer units prepared with either high vinyl content (HVM) or low vinyl content (LVM) were analyzed. The average run length (R exp ), the number average sequence length (l A , l B ), along with the various linkage probabilities (p AA , p AB , p BA , and p BB ) were determined for different production lots of the LVM97 and HVM97 samples to address the lot variability of microstructure in these materials.
Introduction
The most commonly used silicone elastomer is poly(dimethyl siloxane) (PDMS).
For a wide range of applications copolymers between PDMS and poly(diphenyl siloxane) (PDPS) have been shown to have superior thermal and physical properties. The addition of only a few percent PDPS suppresses the crystallization temperature to below -100 o C, increases the refractive index for optical applications, and improves the thermal oxidative stability and resistance to radiation damage. [1] [2] [3] [4] [5] The thermal stabilities of PDMS/PDPS copolymers have also been extensively investigated. 1, 2 It has been shown that the addition of the diphenylsiloxane (DPS) component as a copolymer can increase the temperature for onset of degradation to approximately 400 o C. Thermal decomposition of the PDMS/PDPS copolymers is predominantly through the formation of cyclic oligomers containing both dimethylsiloxane (DMS) and DPS species, and the production of benzene as a result of thermally produced free radicals.
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A very interesting observation reported in the work of Chou and Yang, is that the microstructure (the sequential organization) of the PDMS/PDPS copolymer directly influences the thermal stability. 1 Chou and Yang demonstrated that random copolymers are more thermally stable than block copolymers, with the thermal stability increasing with higher DPS concentrations (to about 20% mol% DPS). 1 While there has been some research directly addressing the impact of the microstructure on thermal properties such as the glass transition temperature (T g ) and crystallization temperature (T m ), 1 there has been very little research to address microstructural influences on aging properties; in particular the impact of microstructure in silicones. It may therefore become important to determine and document the actual microstructure of those materials for which the aging characteristics must be known and accurately predicted.
In this SAND report we utilize high resolution 29 Si NMR to directly determine the microstructures of the LVM97 (low vinyl content material) and HVM97 (high vinyl content materials) silicones that are used as the precursor materials for the production of M9787 and M9750 cellular silicone foams. In addition, different production lots of the LVM97 and HVM97 materials were analyzed to address the question of lot-to-lot variability in the resulting microstructure of the PDMS/PDPS copolymers.
Experimental Details

A. Polysiloxane Materials
The polysiloxane samples were originally produced by Nusil (Carpenteria, CA), Table I . 
C. Theoretical Details of Microstructural Analysis
The determination of sequence distribution or microstructure in siloxane copolymers from 29 Si NMR has been previously described elsewhere. 2, 3 The mathematical formalism utilizing the relative areas of the different 29 Si NMR resonances has been very nicely described by Jancke, Englehardt and Heinrich, 2 including a correlation to the concept of the mean or average run length. 4 A summary of those relationships is detailed below.
The probability distributions and signal intensities for the triad and pentad sequences are given in Table II 
These F i or F ij concentrations can be related to the linkage probabilities as shown in Table II The ratio of triad signal intensities can be used to define the variable through
The triad signal intensities are the summation over related pentad signals
There are equivalent expressions for k A involving different relative ratios as derived by Jancke et al., 7 but Eqn (2) was chosen because it involves the relative ratio of the dominant signal F 0 , and therefore was found to give the result with smallest error for the copolymer composition presently under investigation.
From these intensity ratios the average experimental run number for the copolymer can be determined using the formalism of Harwood, 6 and is defined by
for the A monomer species. Similarly for the B monomer species the average experimental run number is also defined by
where k B can be related back to the experimentally determined k A in Eqn (2) by
The average run number for a statistically random copolymer is given by
For R exp > R rand the microstructure of the copolymer is a sequence of alternating monomer units, for R exp = R rand the microstructure is random, and for R exp < R rand the copolymer microstructure is a sequence containing blocks of the A and B monomer units. Closer inspection of the dimethyl silicon region shows fine structure that can be assigned to the various configurations involving the presence of diphenyl species in the nearest and next-nearest-neighbor position using either the triad or pentad nomenclature. Table III . Table I ).
The experimentally determined Triad concentrations for the different lots are listed in Table IV . The microstructural parameters described from Eqns 1 -9 were evaluated for the different production lots and are summarized in Table IV . 
Discussion
For all the samples investigated the experimentally determined average run number were found to be approximately equal to the predicted random run number based on the measured mole fractions (Table IV) . These results are graphically shown in Table I .
The average DMS average block length was found to range from 24.9 to 27.1. These DMS average block lengths are plotted in Figure 4 along with the block lengths predicted for a statistically random copolymer, demonstrating that these results are also consistent with the description of the LVM97 and HVM97 materials as random copolymer. The average block length for the DPS species is l B ~ 1 ( Table IV 
Conclusions
It has been demonstrate that high-resolution 29 Si NMR can be used to determine and monitor the microstructure in PDMS/PDPS copolymer materials. These 29 Si NMR experiments show that for the HVM97 and LVM97 materials studied that the copolymer is entirely random in nature. These NMR studies also show that there was no significant variation in the microstructure with different production lots, or with the inclusion of different vinyl content. This observation supports the argument that variations in microstructure are not responsible for differential changes in the aging characteristics of these siloxane materials.
